The University of Akron

IdeaExchange@UAkron
Williams Honors College, Honors Research
Projects

The Dr. Gary B. and Pamela S. Williams Honors
College

Spring 2020

Automatic Seeder
Zachary Bunting
zrb12@zips.uakron.edu

Nicholas Muscarella
ncm30@zips.uakron.edu

Trevor Tout
tjt56@zips.uakron.edu

Dalton Denny
dwd21@zips.uakron.edu

Follow this and additional works at: https://ideaexchange.uakron.edu/honors_research_projects
Part of the Agricultural Economics Commons, Computer-Aided Engineering and Design Commons,
and the Electro-Mechanical Systems Commons

Please take a moment to share how this work helps you through this survey. Your feedback will
be important as we plan further development of our repository.
Recommended Citation
Bunting, Zachary; Muscarella, Nicholas; Tout, Trevor; and Denny, Dalton, "Automatic Seeder" (2020).
Williams Honors College, Honors Research Projects. 1204.
https://ideaexchange.uakron.edu/honors_research_projects/1204
This Dissertation/Thesis is brought to you for free and open access by The Dr. Gary B. and Pamela
S. Williams Honors College at IdeaExchange@UAkron, the institutional repository of The University
of Akron in Akron, Ohio, USA. It has been accepted for inclusion in Williams Honors College,
Honors Research Projects by an authorized administrator of IdeaExchange@UAkron. For more
information, please contact mjon@uakron.edu, uapress@uakron.edu.

Automated Hydroponic Seeder

Nicholas Muscarella, Trevor Tout, Dalton Denny, Zachary Bunting

Department of Mechanical Engineering

Honors Research Project
Submitted to
The Williams Honors College
The University of Akron

Approved:

Accepted:

Date:

Date:

Honors Project Sponsor (signed)

Honors Department Advisor (signed)

Honors Project Sponsor (printed)

Honors Department Advisor (printed)

Dr. Gopal Nadkarni

Dr. Gopal Nadkarni

Date: May 1st, 2020

Date: May 1st, 2020

Reader 1 (signed)

Department Chair (signed)

Reader 1 (printed)
Dr. Jon Gerhardt
Date: May 3rd, 2020
Reader 2 (signed)

Reader 2 (printed)
Dr. Scott Sawyer
Date:

Department Chair (printed)
Dr. Sergio Felicelli

Executive Summary
Hydroponics is currently one of the fastest growing farming alternatives. Popular in areas where
sufficient farmland is scarce, hydroponics is the method of growing plants in water, without soil.
While there are multiple ways to establish a hydroponic garden, most of them utilize a setup of a
variety of “seed pods”, which are small, circular pockets that a seed resides in along with a
growing medium. Although these pods are a great alternative to traditional planting, they can be
incredibly tedious to plant when the farm is at a large enough scale. Entire trays of seed pods are
often found in these large hydroponic farms, which are typically 4x9 arrays of pods. The goal of
this design project was to create a device that utilizes concepts of automation to effectively and
efficiently plant a tray of hydroponic seed pods.
Throughout the project, principles used from the Concepts of Design course at the University of
Akron were applied to develop and implement ideas for the prototype. In the conceptual design
phase, a function structure diagram was developed and divided the automated planter into three
main areas of focus: energy, seeds, and the trip signal. Moreover, the device needed to use a trip
signal produced from electrical components to produce kinetic energy to plant a seed. In order to
accomplish this, it was decided that Arduino software and components would be used to
accomplish these goals. Along with the function diagram, a weighted design matrix was created
in order to determine the importance of the design principles within the project. In the end, it was
determined that safety was the most important factor, followed by ease of use and price. By the
end of the conceptual design phase, it was determined that a conveyor system would be the most
efficient way to achieve all of these goals. Following the conceptual phase was the embodiment
design phase, which is where the majority of sketches and prototype models were developed.
First, Arduino code was implemented to create movement in servo motors, which were then used
with 3D printed parts and store bought “Seedmaster” tools to create a cam-driven system that
dispensed seeds. Followed by the seed dispensers was a servo-driven shaft used to press the seed
into the medium. Finally, a conveyor belt was constructed and driven with a stepper motor to
carry the tray underneath the seed dispensing system. In the end, components were successfully
created to construct an efficient automated system to plant seeds in a hydroponic tray.

Due to the unfortunate circumstances of the COVID-19 virus outbreak, the project was unable to
be completed. The few tasks left to complete the project would be the construction of the
wooden frame, and the adjustment of components to accomodate for a variety of seed sizes due
to the system being built solely for the placement of lettuce seeds. In summary, the project was
successful, and concepts of project management, design, testing, and prototyping were all
applied to the team’s knowledge base to strengthen their skills as engineers and problem solvers
in general.
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Introduction
Background
The goal of this project was to design an automated seeder that can be used to plant seeds in a
hydroponic seed tray that contains net pots in a 4x9 array. Each pot is 2 inches in diameter and
contains a growing medium of coco peat. The biggest goal of the design was for the seeder to be
inexpensive, safe, and easy to use in order for it to be a viable option for countries or areas that
struggle to produce food due to lack of resources. The seeder was to be designed so that an

individual could load the seeds and the tray, start the seeding cycle, and pick up a completely
seeded tray.
Literature Search
After further research, we found that there are various seeder designs currently on the market.
One design uses pinholes and gravity to line up the seeds and then transfers them over to a seed
tray. Another design operates under a similar concept, but with a vacuum system to load the
exact number of seeds needed. Lastly, a design uses a vacuum system to count seeds and plants
them one row at a time. All of these designs were expensive and required an individual to
operate the machinery in an untimely fashion.
In order to reduce cost, a simple design was needed. Seeding options were researched, such as
how John Deere gets an exact amount of seeds into the ground with their planters. However,
these heavy-duty industrial options were not applicable. A hand operated seeder called a
“SeedMaster” was found in multiple retail stores. At $3.00 a piece, this could be used to place an
accurate number of seeds in the ground. Along with handheld tools, homemade conveyor
systems were also researched and conceptualized. Ideas and modifications grew from this
research, thus helping to design the conveyor system in our automatic seeder.
Principles of Operation
Throughout the course of the project, our values were integrated through each part of the design
process. Our primary objective was to make a safe device that is user friendly and sparks growth
of successful hydroponic establishments. When the seeder was being developed, simplistic
designs were created due to the user always being the first priority. This principle of operation
led to a more efficient development of ideas and construction of the prototype. Another principle
kept in mind was to use automation wherever possible, as long as it did not overcomplicate the
design. If there was a moving part that could be controlled with Arduino or a servo/stepper
motor, it was taken advantage of.
Product Definition
The final product designed is an automated hydroponic seeder that can be loaded with lettuce
seeds which, upon starting, would proceed to plant a standard 4x9 tray without further human
interaction. The device plants seeds in standard net pot trays, with each net pot measuring 2
inches in diameter. The tray consists of 36 net pots, 4 wide by 9 long, each filled with a medium
of coco peat. Each net pot gets 2-4 seeds which are pressed into the coco peat once loaded in the
net pot. The seeding system is stationary and seeds one row, four pots wide, at a time. Once
seeded, a conveyor belt moves the seed tray in order to seed all rows along the length of the tray.

Conceptual Design
When starting the project, the group sat down to decide what was needed in order for this project
to perform the task of seeding a hydroponic tray. It was determined that a device was needed to
sense that the tray was in the correct position so that the seeding process would begin. Next, a
device was needed to hold the seeds and place them into something that can dispense the seeds at
the correct rate. Finally, a motor with coding would be needed to supply the actual task of
seeding or driving the seeds into the medium that would be used. All of this can be seen in the
function structure diagram below.

Image 01: Automated Seeder function structure diagram

The next step was deciding how to tackle each individual task by brainstorming ideas. There
were three main categories regarding the seeder. First was how to hold and separate seeds,
second was how to plant the seeds, and third was how to move the tray. The seeds could be held
in a few different ways. Our first idea was the use of a trough system that would distribute seeds
individually by using a plate at the bottom of the trough and a shaker system. The next idea was
to pick up seeds individually using a vacuum system with a small nozzle that would only hold
one seed. This would allow for an exact number of seeds for each repetition. The last idea was a
tilting tray that had spots for a precise number of seeds to fall into until they were ready to be
planted.

The next task was planting the seeds. The first idea was to plant the seeds with a common
plunger that was found online. This would be a commercial part in the design and could easily be
replaced. The second idea was a custom plunger that would open when pressed into the medium
inside the net pot, in order to release the seeds in one step. The last idea was a tube system that
simply placed the seeds in the pot. Using this design, the seeds would have to be pressed into the
medium following their placement.
The last step was regarding how to move the tray along the seeder. It was considered that a
conveyor could just be used to move the tray. The other option was to move the seeding system
itself along the tray using a rack and pinion. The morphological chart below shows the
brainstorming ideas.

Image 02: Morphological Charts

The group then sat down and decided which factors regarding the project were going to be the
driving factors of the design. This was done by considering all of the aspects that would go into
the design and then ranking them. This was done by the weighted design matrix seen below.

Image 03: Weighted Design Matrix

From the weighted design matrix, it was determined that safety was the biggest concern for the
design. In industry today, safety is a major focus for all new designs, so it made sense here too.
The next focus was ease of use in its entirety. The design needed to be easy to use, that way a
worker could learn to use this seeder with minimal training. The third driving factor was the
overall price. The design needed to be cost efficient, so that it could be used by many individuals
and could be a cost effective option for big and small hydroponic operations. By keeping cost at
a minimum, our seeder could be marketed to common individuals and larger farms. The ranked
criteria from our weighted design matrix can be seen below.

Image 04: Ranked Criteria Weight

Our group valued safety, ease of use, and price as the highest priorities in our automated seeder
design. These three values are evident in our operating process and materials used.

Embodiment Design
Our group wanted the process to be completely automated to reduce time spent, minimize cost,
and increase overall efficiency. Our design was developed based on technical and economic
criteria. The main embodiment for this automated seeder came from accommodating the seed
trays and operational use/time. Our group valued efficiency and automation as the top
requirements. The main obstacles to tackle in terms of taking our design and creating an
operational part to achieve the physical goal were size requirements, division of tasks, energy
transmission, and material use.
The trays were the foremost portion of the project to design around regarding size requirement.
Our standard 4x9 seed tray measured 21” in length and 11” in length. We specified our conveyor
to be 48” long and 14” wide to allow full passage of each tray through the planting process. Our
dispensing platform was sized from our conveyor width and was mounted accordingly. The
platform was specified to the separation distance of each seed pod in each row for simultaneous
planting. The frame allowed more preference regarding sizing, as it was used as our project base.

The seeder composed of several tasks for the planting process of an entire tray. The tasks were
divided for each applicable part of the automated seeder design, with each part of the design
accomplishing a set task. The conveyor served as the motive of tray movement so that each row
of pods could be seeded, in adjunct with the stepper motor. The dispensing platform provided a
stable level for the servo motors, seedmaster dibbers, and the planting/pressing process. The
seedmaster dibbers accomplished the actual planting process of the 2-4 seeds per pod with
vertical movement from the servo motors. The following row of rods achieved the need to cover
the seed by pressing it into the coco peat from the servo motor input. The wooden frame
established a solid base for the prototype during operation.
Energy transmission was achieved through use of a power supply and computer operation. A
series of arduino code was used to operate the servo and stepper motors. The motors would
transfer energy to the dibbers for dispensing, rods for planting, and conveyor for movement.
Main materials were used and selected based on price, availability, and efficiency. Most
materials were easily obtained from local hardware stores or online marketing. Prices were
relatively cheap and provided stability for any replacement part possibilities. Specific parts were
reduced in cost from 3D printing. This allowed us to make better modifications while
significantly reducing cost and time spent. Our design was set to accomplish the planting of 2-4
lettuce seeds per pod. Adjustments to our prototype would be made to accommodate other types
of seeds, while maintaining the standard of planting 2-4 seeds per pod.

Prototyping
A majority of testing consisted of investigating different ways to dispense an appropriate amount
of seeds into each net pot. To aid prototyping, 3D printing was utilized to be able to easily
generate PLA plastic parts to create test set-ups with. Trial and error was the biggest method
used to investigate the best way to dispense seeds from the Seedmasters. The first prototype was
a cam driven set-up that would ‘bump’ the top of the Seedmaster on each pass.

Image 05: Cam driven dispenser

The main problem with this prototype was that the Cam was not reliable in dispensing the same
amount of seeds with its passes. It also was not very stable without a guide attached to the
opposite end.
The second prototype translates the rotational force of the servo motor into a vertical directional
and acts as a press plate to push the seed master and dispense the seed. Using this method allows
for greater control of the amount of seeds dispensed because the distance traveled by the red
dibber portion is directly related to the amount of degrees rotated by the servo motor, which can
easily be controlled by the Arduino.

Image 06: Press plate dispenser

The problems with this prototype involve the tension of the spring on the Seedmaster. The servo
does not have enough force to properly press 4 seedmasters at the same time. The best way to
solve this issue was to either weaken the spring, or remove it altogether.
The third prototype was very similar to the second,but it excluded the spring and press plate. The
dibber was directly connected to the piston controlled by the stepper motor.

Image 07: Directly connected dispenser

The direct connection with the piston and dibber solved the problem created by the tension of the
spring and the dispenser was able to be even more precise. This prototype proved to be the most
effective and was chosen to be used with the final model.
Along with these prototype models, additional dibber configurations were created to see which
would best dispense the appropriate amount of our seed of choice. Ultimately, it was found that
because of the difference in various seed dimensions different dibbers can be designed to best
match each seed. The dibber for the common lettuce seeds can be seen below.

Image 08: Lettuce seed dibber

The final prototypes were adjusted to accommodate for the 4 pot width trays and integrated into
the other portions of the system during the detailed design phase of the project.

Detail Design
The system consists of three main parts when constructed: the conveyor, dispensing platform,
and automation components. Each process relies on the other to create a well working, efficient
system and their designs were done in conjunction with each other by utilizing SOLIDWORKS
to create CAD models and drawings. Below is an image of the final system.

Image 09: Isometric view of the final SOLIDWORKS model

An in depth analysis of each part will be given in order to better understand each individually
and how they work together.

Conveyor
The conveyor created for this hydroponics project consisted of a simple design and material use.
We used a basic roller design consisting of steel L-bars, 608 bearings, ⅜” steel rods and
hardware, 1” PVC piping, eye bolt tensioners, cloth sheathing, non-slip tape, 1” rubber
grommets, and a NEMA TK17 Stepper motor. Some additional fasteners and attachment pieces
were 3D printed for this application. The overall completion of the conveyor was efficient and
stood as a durable solution.
Construction of the conveyor was straightforward and symmetric. The steel L-bars were used as
a structure base and guideline of the conveyor itself, with each bar measuring four feet in length.
The vertical holes in the L-bar were used to attach the conveyor to the wooden base frame and
were used to connect the conveyor to the dispensing platform above the belt. As evidenced in the
picture below, the four steel ⅜” rods were lined up equally apart and ran through the side holes
of the L-bar. Four 12 inch PVC pipe sections were cut and used for the contact body of the
rollers. The main drive roller was wrapped with non-slip adhesive tape to establish a solid grip
on the belt. Rubber grommets and necessary ⅜” hardware connected the drive roller to the eye
bolt tighteners and L-bar. The steel tighteners were used to provide more/less tension to the
conveyor belt. The main drive roller has a 3D printed fitting to attach to the NEMA 17 motor to
the steel rod, giving opportunity for movement of the drive roller. 608 bearings were inserted to
each end of the PVC sections and were run through with the steel rods, allowing the rollers to
rotate.

Image 10: Side view of the conveyor

Image 11: Side view of the conveyor drive roller

The finished construction yielded an operational conveyor. Our design provided opportunity for
adjustments to be made to the conveyor itself, via the tighteners and the roller locations along the
L-bars. The dimensions of the complete conveyor were based off of the 4x9 trays we designed
with. The conveyor was long enough and wide enough to allow an entire tray to pass through and
stay on the belt, once seeding each row was complete.
Dispensing Platform
The dispensing platform is the most important part of the system because this is where the action
of planting the seed into the net pot occurs. The final model includes two steps in this process.
This first is the dispensing of the seed and the second involves pushing the seed further into the
coco-peat to improve the odds of successful germination.

Image 12: Isometric view of the Dispensing Platform

The dispensing is done using 4 Seedmaster planters filled with the chosen seed. From the
preliminary dispensing prototypes the most effective set-up was to directly attach the dibber to
the servo motor. An aluminum bar is used to connect the four dibber arms directly to the piston
action created by the servo motor and additional plastic parts.

Image 13: Detail View of the Dispenser

The circular motion of the motor is translated into a vertical motion which causes seeds to fall
from the end of the fixed Seedmasters and into each netpot. Once the seed is dispensed on top of
the cocopeat it is ready to be pressed into the soil.

Image 14: Detail View of the Press

The press action is a similar set-up to the dispenser. The rods are moved in a vertical direction in
order to press the seed into the cocopeat. This step in the process was added after talking to other
hydroponic professionals that recommend pressing the seed into the soil in order to increase the
odds of germination. Pairing the dispensing platform with the conveyor creates the main body of
the system and in order to tie the two together the use of automation components was required.
Automation Components and Code
Precise control and timing of dispensing platform parts and the conveyor is crucial to deliver
accurate placement of the seed. Three different motors are used to automate the system. Two
180° servo motors are used on the dispensing platform and a NEMA 17 stepper motor is used to
drive the conveyor. The choice to use servo and stepper motors was based on their ability to have
high efficiency with great precision. An Arduino Uno was used as a microcontroller to run all of
the motors and additional components.

Image 15: Complete breadboard circuit

The complete circuit and layout can be better visualized on the circuit diagram shown below.

Image 16: Wiring Diagram (Created using Fritzing)

The stepper motors can be directly controlled by the arduino, but the stepper motor requires an
additional driver to properly control. The driver selected to control the stepper motor was a
BIQU A4988 stepper motor driver module.

Image 17: BIQU A4988 Stepper Motor Driver Module

These are cost effective, efficient drivers that are commonly used with 3D printers. The module
can be powered by the arduino, but the motor itself requires a higher input voltage of 12 volts. A
1 µF capacitor is used to decouple the power supply from the arduino in order to reduce noise in
the signal supplied to the motor. Some additional components include: LED operation lights to
indicate when the system is running, paused and complete, as well as a start/stop button to allow
easy operation. A safety kill switch is placed on the power supply to act as an emergency stop
button. The control board is located in a small housing on the dispensing platform to protect
electrical components from water, dust, and other environmental factors. A small fan is used to
help airflow over the components and heatsinks to prevent overheating.
Arduino code is written in C++ programming language with the addition of special libraries and
functions. The code created for the Automatic Seeder is intended to run the motors specific
distances for each row of the tray. Specific parameters can easily be changed within the code in
order to accomodate for trays with more rows or different seed types that may require the
dispenser to open more, or be pushed further into the coco-peat. The complete code can be
found in the appendices.
Complete System Operation
The complete system is reliant on all of its parts. It served the design process best to separate
these parts out and then integrate them appropriately. An additional view of the complete system
is shown below.

Image 18: Side View of the SOLIDWORKS Model

The overall dimensions of the system are 48x20x13 inches, and can easily be placed on top of a
workbench or table. A SOLIDWORKS simulation of the final assembly was created to show the
system go through its progression. Video of this simulation, as well as working prototype parts
can be viewed here: https://www.youtube.com/watch?v=W0yRWv8hDFM. A 4x9 tray filled
with coco-peat packed net pots is placed onto the conveyor by the operator and aligned with the
dispensers using markers placed on the frame. The start button is pressed and the Automatic
Seeder begins its planting cycling. The system is able to seed an entire tray in approximately 36
seconds. Depending on the seed used and amount required in each pot the system can process
anywhere from 10-24 trays before the Seedmasters need refilled, which can easily be done from
the top using a small funnel. See appendices for additional part drawings and detailed Bill of
Material.

Discussion
Even though the prototype was never fully assembled tests of servos running individual pieces
were performed and deemed functioning. All of the programming for the project was completed.
The conveyor was assembled, tested, and functioning. Simulations were run of the complete
prototype using SOLIDWORKS. This allowed the timing of the system to be dialed in and to
ensure the assembly of the system would work.The biggest challenge that was faced was
controlling the exact number of seeds that were dropped each time during seeding. The seed
dibbers were redesigned a multitude of times. These should be tested more to determine
complete accuracy.

Conclusions
Our team's hydroponic seeder prototype was effective and was successful per our working
objectives and current application uses. The design and operation of the seeder was nearly to the
finished stages and could use some fine-tuning regarding adaptations to all seed types. Our
seeder would reduce time for planting by hand and produce more consistent results in regard to
the number of seeds dispensed and placement. The design is not over-complex and could be
replicated easily. The current prototype of the seeder is operational aside from the construction
of the wooden frame. Fine tuning adjustments can be made to ensure accurate placement of the
seeds. The design of the seeder could prove to be extremely useful in large-scale hydroponic
farms, which are becoming prevalent where access to farmland is scarce or nonexistent. This
design will be relevant in any hydroponic setting where time is a constraint. Recommended
future work includes adjusting the plunger diameters to accommodate for a variety of seeds, as
well as simplifying the design of the frame and frame materials. The conveyor could be modified
to yield a more solid structure and allow less movement between the rollers and L-bar. The belt
of the conveyor could be made from a more durable and elastic material. Our hydroponic seeder
prototype proved to be a valuable learning experience and an opportune design for seeding trays
in multitude.
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